Erectile dysfunction (ED) is a highly prevalent disorder among renal transplant recipients. Vitamin D deficiency (VDD) has been associated with several ED risk factors but only recently directly linked to ED. We conducted a study to investigate whether vitamin D serum levels were associated with the presence and severity of ED in 40 male patients that underwent deceased donor kidney transplantation (TX) from 2001 to 2013. Blood samples were collected on two seasonally distinct occasions and 25(OH)D concentration was assessed by radioimmunoassay. A 5-item version of the International Index of Erectile Function (IIEF-5) was used for ED evaluation and group stratification. We found comparable rates of ED (75%) and VDD (42.5%-62.5%) as in previously published studies. Serum levels of 25(OH)D did not differ between patients with and those without ED on both measurements (p=0.656 and p=0.914, respectively), or when comparing different ED severity groups. Duration of renal replacement therapy before TX and graft duration until analysis were longer in patients with ED (p=0.022 and p=0.05, respectively), but with the results being nonsignificant on logistic regression. In conclusion, we found no association of 25(OH)D concentration with the presence and severity of ED in renal transplant recipients. So far, there are no similar published data.
Introduction
Erectile dysfunction (ED) is defined as persistent inability of a man to achieve and/or maintain penile erection sufficient for sexual activity. It is a highly prevalent disorder worldwide, with the reported prevalence of 69.2% of men, varying according to different methodological approaches in the published studies, and increasing with age [1] [2] [3] . ED was historically considered a benign condition, however, not only does it impair the quality of life but also carries an increased risk of impending cardiovascular disease (CVD) 4 because of the common pathological mechanism of endothelial dysfunction (END).
Vitamin D has recently been shown to have a wide variety of extraskeletal effects, with pathways linked to cancer, autoimmune disorders and CVD. By changing the expression of 200 to 2000 genes that have vitamin D response elements, these effects include inhibition of angiogenesis and cellular proliferation, stimulation B. Sudarević et al.
Vitamin D and erectile dysfunction in renal transplant recipients of apoptosis and terminal differentiation 5 . A randomized, double-blind study 6 has revealed that vitamin D supplementation indeed changed the expression of genes linked to CVD, which have been associated with vitamin D deficiency (VDD). VDD is defined as serum circulating 25-hydroxyvitamin D (25(OH)D) concentration below 20 ng/mL, vitamin D insufficiency as 25(OH)D of 21-29 ng/mL, and sufficiency above 30 ng/mL 7 . Vitamin D deficiency has previously been associated with several ED risk factors such as hypertension, diabetes mellitus (DM) and atherosclerosis, which all cause endothelial impairment of penile vasculature, as well as with some nonvascular disorders linked both to ED and VDD 8 . One recent study 9 found a direct link between the presence of ED and VDD.
The prevalence of ED in chronic kidney disease (CKD) patients is reported to be about 80% 10 , which is higher than in general population. Albeit the etiology of ED is usually multifactorial, there are numerous CKD specific factors that predispose these patients to ED, including hormonal abnormalities, END, comorbidities, polypragmasy, and depression. There are no recent or conclusive data on VDD and ED in CKD population, but a report 11 from 1977 implied that treatment with vitamin D supplements reduced ED severity in dialysis patients. In a setting after renal transplantation (TX), erectile function seems to improve compared to pre-transplant dialysis period 10 , although ED remains frequent companion of renal transplant recipients. There are recent efforts in focusing not only on patient and graft survival but also on the life quality after renal TX, where ED plays an important role 12 .
Since data on VDD and ED in CKD population are sparse, in this study we set to determine vitamin D status of renal transplant recipients on two seasonally distinct measurements and to investigate whether vitamin D serum levels are associated with the presence and severity of ED. To our knowledge, there are no similar data published so far.
Patients and Methods
The study was conducted at the Department of Urology and Department of Dialysis, Osijek University Hospital Center, where transplant recipients have their regular checkup. The study was approved by the Ethics Committee of the Osijek University Hospital Center, in accordance with the 2000 Declaration of Helsinki and 2008 Declaration of Istanbul. After having obtained their written informed consent, 40 male patients having undergone deceased donor kidney TX from 2001 to 2013 were enrolled in the study. Patient characteristics were obtained by an in-house questionnaire, while clinical data were collected from patient charts and medical records. Blood samples were collected from cubital vein on two seasonally distinct occasions: first sample in summer 2013 ( June through August) and second sample in winter 2013/2014 (December through April), with body height and weight measurements taken during physical examination on both occasions.
Assessment of vitamin D serum concentration was performed with DIAsource radioimmunoassay and immunoradiometric assay kit was used for parathyroid hormone (PTH) measurement (DIAsource Immuno-Assays S.A., Louvain-la-Neuve, Belgium), following the manufacturer's instructions.
A simplified 5-item version of the International Index of Erectile Function (IIEF-5) was used as a diagnostic tool for ED evaluation 13 and to further divide study subjects into different ED categories. According to the IIEF-5 score, the patients were categorized as no ED (ED 0; score 22-25), ED 1 (score 17-21), ED 2 (score 12-16), ED 3 (score 8-11) and ED 4 group (score ≤7). The groups were then compared according to serum levels of 25(OH)D, complete blood count, hemoglobin, PTH, fasting blood glucose, creatinine, high-sensitivity C-reactive protein (hs-CRP), cholesterol and triglycerides per body mass index (BMI), duration of renal replacement therapy (RRT) before TX, and kidney graft duration until analysis.
Statistical analysis was performed with the SPSS statistical program (version 15.0, SPSS Inc., Chicago, IL, USA). All data were reported as median (range from minimum to maximum), unless noted otherwise. Difference between two independent samples was calculated with Mann-Whitney test, and among more than two independent samples with Kruskal-Wallis test, while Mann-Whitney test was used for post-hoc analysis. Wilcoxon signed-rank test was used for related samples and Fisher exact test for categorical data. Correlations were assessed using Kendall's -B coefficient and multivariate analysis with Hosmer-Lemeshow test. A two-sided p-value of <0.05 was considered statistically significant.
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Results
Demographic characteristics of 40 study participants having undergone kidney TX from June 2001 to May 2013 are shown in Table 1 . Glomerulonephritis was the primary cause of end-stage renal disease (ESRD) in most of the subjects and 90% of the pa- ESRD = end-stage renal disease; ADPKD = autosomal dominant polycystic kidney disease; TAC = tacrolimus; CsA = cyclosporin; mTOR = mammalian target of rapamycin; TX = renal transplantation; DM = diabetes mellitus; AMI = acute myocardial infarction; PAD = peripheral arterial disease; CVI = cerebrovascular insult; ACE = angiotensin-converting enzyme; ARBs = angiotensin receptor blockers tients were first-time kidney transplant recipients. As expected, 77.5% of the patients were taking three or more drugs besides immunosuppressants, while seven patients received vitamin D supplements. When stratified according to the IIEF-5 score, ten patients had no ED (ED 0), 20 patients were classified as ED 1, seven patients as ED 2, and three patients as ED 4; there were no ED 3 patients. Median age of all patients was 52 (range 29-66) years, with no significant between-group difference (p=0.32). On the first (summer) measurement of 25(OH)D, 42.5% of patients had VDD, 30% were vitamin D insufficient, and 27.5% had sufficient levels of 25(OH)D. On the second measurement (winter), 62.5% had VDD, 17.5% had insufficiency, and only 20% of patients were vitamin D sufficient. The levels of 25(OH)D did not differ between the two measurements (p=0.737). There was no statistically significant between-group difference as compared according to serum levels of 25(OH)D, PTH, hemoglobin, fasting blood glucose, creatinine, hs-CRP, cholesterol, triglycerides, BMI, duration of RRT before TX, and graft duration until analysis.
Then we compared the studied variables between patients without ED and those with any degree of ED ( Table 2 ). Serum levels of 25(OH)D and other serum parameters analyzed yielded no statistically significant differences either. However, duration of RRT before TX and graft duration until analysis were shorter in ED 0 group (p=0.022 and p=0.05, respectively). Logistic regression analysis of the two mentioned parameters plus age at the time of the study (p=0.083 in univariate analysis) revealed no between-group difference (p=0.152, p=0.479 and p=0.334, respectively).
When stratifying study subjects according to 25(OH)D cutoff of 20 ng/mL (Table 3) , there was no difference in the IIEF-5 score, duration of RRT before TX and graft duration until analysis on either measurement. However, the first (summer) measurement showed lower HDL cholesterol, red blood cell and hemoglobin concentrations in VDD group (p=0.007, p=0.013 and p=0.009, respectively). VDD group had lower HDL cholesterol on second (winter) measurement (p=0.016) again and higher PTH levels compared to non-VDD group (p=0.009). Logistic regression for the first measurement HDL, hemoglobin and serum glucose (p=0.097 in univariate analysis) and for the second measurement HDL, hemoglobin (p=0.065 in univariate analysis) and PTH revealed the parame- A upper value indicates summer and lower value winter measurement; ED = erectile dysfunction; IIEF-5 = International Index of Erectile Function questionnaire; RRT = renal replacement therapy; TX = renal transplantation; BMI = body mass index; Hgb = hemoglobin; hs-CRP = high-sensitivity C-reactive protein; HDL = high-density lipoprotein; LDL = low-density lipoprotein; PTH = parathyroid hormone ters to pose no significant risk (p=0.06, p=0.075, p=0.141, p=0.094, p=0.363 and p=0.059, respectively). Oral vitamin D supplementation therapy had no impact on the distribution of 25(OH)D levels between the groups (p=0.463 and p=0.326 for the first and second measurement, respectively).
Discussion
In the current study, we measured serum 25(OH)D concentration on two occasions in renal transplant recipients and found no association of vitamin D status with the presence and severity of ED. Along with the recent abundant evidence for extraskeletal effects of vitamin D, there has been an increasing number of papers stressing its role in CVD, autoimmune and chronic inflammatory disorders, as well as in cancer. A review by Hossein-Nezhad and Holick 5 emphasizes that a great deal of numerous vitamin D affected genes have a role in different tumor pathways, cellular cycle regulation and immuno-inflammatory modulation. Vitamin D deficiency has already been linked to classic CVD risk factors, such as inflammation in vascular endothelium, DM and hypertension, which all are shared ED risk factors causing END 8 . Recently, it was demonstrated that a significant proportion of ED patients had VDD, again with END as a plausible underlying pathologic mechanism 9 . CKD, an independent risk factor for CVD, with its concomitant metabolic diseases and END is a particularly good setting for ED to occur 10 , a finding supported by observational studies. In addition, CKD patients are predisposed to ED because of hormonal abnormalities, anemia and usage of multiple drugs such as beta blockers and some diuretics, which can worsen the erectile function. Furthermore, even after successful kidney TX, where improvement of erectile function is expected 14 , there are vascular factors to be taken into consideration that may have an impact on postoperative ED occurrence.
End-to-end arterial anastomosis with the internal iliac artery has previously been shown to reduce cavernosal arterial flow 15 , but recently similar effect was also found for end-to-side external iliac artery anastomosis 16 .
Vitamin D deficiency in CKD population has been extensively studied but never linked to ED. There are numerous reports of high VDD prevalence among kidney transplant recipients [17] [18] [19] , but the high-level evidence for its exact impact on major outcomes (glomerular filtration rate, acute rejection, chronic allograft nephropathy, proteinuria and graft loss) is still lacking, although a systematic review is underway 20 . Apart from traditional VDD risk factors 5 (age, race, female gender, geographic latitude, altitude, time of day, winter season, air pollution, and obesity) and preventive reduced sun exposure in transplant recipients, there is also evidence that 25(OH)D levels are inversely associated with the usage of calcineurin inhibitors as im-B. Sudarević et al.
Vitamin D and erectile dysfunction in renal transplant recipients munosuppressants 17 . In a recent study, Yildirim et al. 21 found significantly lower vitamin D levels in renal transplant recipients with END compared to patients with normal endothelial function, and conclude that VDD is associated with END in that population. To our knowledge, the only reference to VDD impact on ED in CKD patients is found in an article published in 1977, reporting on improvement of erectile function in dialysis patients after treatment with vitamin D supplements 11 . In our study, we found similar rates of VDD as in previously published studies [17] [18] [19] . On the summer and winter measurements of 25(OH)D, VDD was present in 42.5% and 62.5% of patients, insufficiency in 30% and 17.5%, while 27.5% and 20% of patients were vitamin D sufficient. As expected, the finding of a higher percent of VDD in winter season was due to seasonal variations in cutaneous production of vitamin D. The Croatia's geographic latitude is between 42° i 46° north of the equator, where there is little if any vitamin D produced in skin during winter months, regardless of the amount of sun exposure 5, 22 . However, the distribution of 25(OH)D levels did not differ between the two measurements (summer median of 22.05 ng/mL versus winter median of 19.05 ng/mL; p=0.737). This could be explained by general sun avoiding in kidney transplant patients, according to their nephrologist recommendation or vitamin D supplementation in some of them. The finding of lower red blood cell and hemoglobin concentrations in VDD patients is in line with the published data on VDD association with anemia in CKD patients. Although the exact mechanism is unknown, VDD may impair erythropoiesis via immune activation within the bone marrow 23 .
Out of 40 study patients, only 10 (25%) had no ED (ED 0 group), 20 patients had mild (ED 1) and seven patients mild to moderate ED (ED 2), while three patients had severe ED (ED 4 group). The high presence of ED among our renal transplant recipients is in line with earlier reports of 42% to 78% prevalence in this population 12, [24] [25] [26] [27] . The levels of 25(OH)D and PTH, as well as other study parameters on both measurements did not differ among ED groups. We then compared ED 0 and other ED categories ( Table 2 ) and found no difference in 25(OH)D levels between patients with and without ED. Time on RRT before TX and graft duration until analysis were significantly shorter in non-ED group, but on logistic regression the results proved to be nonsignificant. The association of both shorter RRT time before TX and recently performed TX with better erectile function could be explained by less time on pre-transplant dialysis and better renal function in the early postoperative months.
On stratifying study patients according to 25(OH) D cutoff of 20 ng/mL, we found the distribution of IIEF-5 score to be similar and again nonsignificant for both measurements, which recapitulated our finding of no vitamin D status linkage to ED in the current study. The explanation for this could be based on the multifactorial ED etiology in a population already predisposed to ED, so that pinpointing VDD as an exclusive ED cause is somewhat improbable. Also, radioimmunoassay was a method used for 25(OH)D measurement and with liquid chromatography-tandem mass spectrometry (LC-MS/MS), which is the gold standard for evaluating 25(OH)D status 5 but currently unavailable to us, reassessment with a larger number of study subjects is needed. As our research was a crosssectional observational study, future interventional studies with vitamin D supplementation could presumably shed more light on its impact on ED occurrence and severity.
In conclusion, we found no association between vitamin D serum concentration and the presence and severity of ED in renal transplant recipients. To date, there are no similar published data linking VDD and ED in CKD and renal transplant populations. High rates of VDD and ED found in this population should not be considered as a quality-of-life matter only because of the possible and/or proven effects on patient general health via END and CVD.
